Abstract
INTRODUCTION

28
Currently, Magnesium based metal matrix composites (Mg-MMCs) are becoming prominent for strength [5, 6] . Therefore, researchers are giving their attention to these materials. Literature 5 shows these materials can be processed successfully by several methods such as, stir-casting 6 method [7] followed by equal channel angular extrusion, disintegrated melt deposition (DMD) 7 method followed by hot extrusion [8] [9] , semi solid stirring assisted ultrasonic vibration [10] , 8 powder metallurgy [11] , friction stir process (FSP) [12] etc. The usage of Mg based composites 9 is increasing constantly as it can solve problems faced by automobile, aviation and 10 telecommunication industries where the ratio between strength and weight is an important factor.
11
The poor machinability of these materials, limit its use in industries. In addition, the difficulties 12 in traditional machining of MMCs lie in the desired tolerances and surface properties because 13 hard ceramic reinforcements cause serious abrasion of the tool that result into unacceptable short 14 tool life and this directly affect the manufacturing cost [13] [14] . On the other side, the non- occurs by means of shear deformation [17] . This machining process provides various distinct 22 advantages like high machining versatility, small cutting forces, omni-directional cutting 23 capability, high cutting speeds and no thermal deformation [15, [18] [19] .
24
The abrasive water jet machining is an advanced technique, that was successful used for 25 processing wide range of materials such as AA5083-H32 aluminium alloy [20] temperatures as compared to other thermal machining processes (laser, EDM). Hence, there is no 1 thermal damage on the machined surface and there is only minimum sub-surface damage on the 2 composite. However, the surface generated through AWJM, generally possesses poor surface 3 finish and smoother surface is attributable to lower feed rates. This is the main limitations of this 4 machining process. Srinivas et al. [24] have conducted a study to estimate the penetrability of 5 abrasive water jets on aluminium alloy/SiC composite material and concluded that, harder 6 materials offer higher resistance to the jet due to their increased mechanical properties. At an 7 increased flow rate of abrasive and higher water jet pressure, the depth of penetration also 8 increases. This happens because the jet possesses the maximum energy during higher water 9 pressure and with greater numbers of particles gets a chance to erode the target material with 10 high flow rate of abrasives. Kumar and Kumaresan [25] investigated the machinability of Al-11 based SiC composite using AWJM, fabricated by stir casting method. They analyzed the effect 12 of SiC reinforcement particle on machining process. They also examined and compared the cutting wear is dominant feature during AWJM. The fracture and pull out of reinforcement 22 particle may occur, when the abrasive particles are bigger than the reinforced particle and the 23 surface finish is affected highly by abrasive rather than reinforced particle. In the case of 24 comparable sizes between abrasive and reinforcement particles, indentation, ploughing and 25 pushing of particles into the matrix generally occurs. Kok et al. [27] increases with traverse speed. Embedment of abrasive particle into matrix and micromelting of 10 matrix material at higher traverse speed was also noticed. Work-hardening was not observed in 11 machined composite. Best of the author knowledge the literatures are not reported so far on the 12 machining characteristics of Mg-based nanocomposite during AWJM.
13
The objective of this proposed work is to investigate the effectiveness of non-conventional 
19
MATERIALS AND METHODS
20
In this study, 6% Al (purity 99.9%) balanced by Mg (purity 99.9%) provided by Alfa Aesar
21
(Massachusetts, USA) was used as matrix material. The Al2O3 nanoparticles (average particle 22 size ~50 nm) were used as reinforcement supplied by Baikowski (Japan). The weight fraction of 23 reinforcement particles added into the matrix material was 0.66. The material was fabricated by The machined samples to be examined were obtained after performing AWJM as per the setting 8 parameters. In present study, three different processed surfaces machined at traverse speeds of 9 20, 250 and 500 mm/min were studied. Selected amplitude parameters were analyzed by optical 10 profilometer. In this study, average roughness (Ra), maximum height of peak (Rp), root mean 11 square roughness (Rq), maximum depth of valleys (Rv), ten-point height (Rz) of all machined 12 surfaces were examined. All parameters were measured by MicroProf FRT according to EN ISO 13 4287, then findings were analysed by SPIP software.
14
Nanoindentation testing
15
The nanoindentation test was performed on samples of Mg-6Al/0.66% Al2O3 material after 
Mechanical properties
24
The fabricated nanocomposites were characterized to know the mechanical properties. The properties of material are listed in Table 2 . Nanoindentation experiment was also performed in 5 unreinforced Mg material for comparing the hardness and modulus values.
6
RESULTS AND DISCUSSION
7
The outcomes of this research work includes the observation and analysis of surface 8 morphology, surface roughness and nano-indentation testing (Measurement of hardness and 9 elasticity) of the machined surfaces.
10
Surface morphology
11
The typical as machined surface (2D surface detail) is shown in 
24
For better resolution, machined surfaces were examined by FESEM (Fig. 6) negligible as compare to the effect of abrasive particle on the surface finish of the material [19] .
10
Surfaces were further analyzed in terms of amplitude roughness parameters in next section.
11
The machined surface is full of grooves, this may be due to sliding of particles and embedded
12
abrasive particles into the matrix. The higher magnification FESEM photograph of grooves 13 captures the embedded abrasive particles into the metal matrix shown in Fig. 7 . The embedded 14 particle in machined surface is garnet particle that was corroborated by Energy Dispersive
15
Spectroscopy (EDS) analysis. In Fig. 7 the Fe/Mn peaks can be clearly seen, that denoting the 16 garnet composition.
17
The impingement of abrasive particles on the workpiece surface generates localized high 18 temperature which may melt the matrix materials. In case of lower traverse speed, the cooling 19 effect of the fluid minimizes the micro-melting but at higher traverse speed the micro-melting is 20 noticeable. Fig. 8 represents the micro-melting on the AWJ surface machined at 500 mm/min 21 speed. In this case, the surface appearance changes completely.
22
Surface Roughness
23
The roughness measurement of machined surface is performed on optical profilometer. The surface finish is observed. This result can be correlated with the earlier surface topography (Fig.   4 6).
5
Variation in average surface roughness (Ra) in all three surfaces is shown in Fig. 9(a) . The for all three different traverse speeds. Fig. 10 shows the 2D and 3D visualization of AWJ surface 27 machined at 500 mm/min captured by MicroProf FRT.
28
Additionally, this was also observed that the surface roughness of the nanocomposites is mainly 29 affected by micro effects of each impacting particles. Since, reinforcing particles (50 nm) in this 30 composite are much smaller than the abrasive particle (0.177 mm) that impacting the matrix 1 material. So, the nanoparticles will have little or no effects on machined surface finish. zones under surfaces. This may be attributed to softening of material during AWJ machining.
8
The softening of the material during AWJ machining was also observed by other researchers 
16
The surface machined by AWJ got lower hardness and elastic modulus though the variation of 17 these parameters is significant in the same machined layers. The progressive abrasion of the 18 machined surface releases the residual stress in the surface which relaxes the materials and,
19
hardness and elastic modulus reduce. In addition localized grooving and striation allow the 20 material to deform easily during hardness test which give lower hardness and elastic modulus.
21
The higher readings of hardness on the machined surface arise due the testing of hardness on the 22 embedded hard abrasive or reinforced particles. 
Fig. 7
Higher magnification of Fig. 6 (b) indicating abrasive particle embedded into the nanocomposite, confirmed by EDS.
14
Fig. 8
Micro-melting of matrix material after AWJM at a traverse speed of 500 mm/min.
Fig. 9
Effect of traverse speeds on the selected amplitude (a-e) surface roughness parameters at constant abrasive mass flow rate (300 g/min).
Fig. 10
Surface topographic image (a) 2D view, (b) 3D view of AWJ surface cut at 500 mm/min speed.
Fig. 11
Hardness and modulus values as a function of distance of indentation (across thickness) from machined surface. Table No.  Table captions   Table 1 Machining condition of AWJ cutting Table 2 Results of density, hardness and elastic modulus of Mg-6Al/0.66%Al2O3 nanocomposites. 
